Abstract Immune regulation plays a critical role in controlling potentially dangerous inflammation and maintaining health. The Fas ligand/Fas receptor axis has been studied extensively as a mechanism of killing T cells and other cells during infections, autoimmunity, and cancer. FasL expression has been primarily attributed to activated T cells and NK cells. Evidence has emerged that B lymphocytes can express FasL and other death-inducing ligands, and can mediate cell death under many circumstances. Among B cell subsets, the expression of both Fas ligand and IL-10 is highest on the CD5
Introduction
Inflammation is a necessary mechanism used by the immune system to control infectious microorganisms. In the majority of instances, the coordination of the immune response to a specific stimulus is directed by the activity of CD4
? T helper (Th) cells. Unfortunately, misdirected or poorly regulated immune inflammatory reactions can lead to serious complications including atopy, anaphylaxis, autoimmunity, cachexia and sometimes death. Thus, the regulation of Th cells following an inflammatory event is a critical factor in maintaining the health of the individual. Th cells receive antigen-specific stimulation through interaction of the T cell receptor with peptide antigens bound to Class II MHC molecules on the surface of professional antigen presenting cells (APC), including activated B lymphocytes. Control of inflammatory reactions consists of both passive and active immune suppression. Passive mechanisms of suppression include antigen clearance or sequestration, cytokine withdrawal, decreased co-stimulation and/or T cell anergy. One mechanism of active immune regulation is the release of immune suppressive cytokines including, IL-10 and TGFb, by regulatory T cells and other cells. Another major mechanism of immune regulation is activation-induced cell death (AICD or apoptosis) mediated by death-inducing ligands. These include: Fas ligand (FasL; CD178), tumor necrosis factor-related apoptosis-inducing ligand (TRAIL: CD253), and programmed death ligands 1 and 2 (PD-L1: CD274 and PD-L2: CD273) [5, 6, 81] . The critical importance of active immune suppression to the control of inflammation and autoimmunity has been highlighted by studies performed in mice lacking one or more of these suppressive mechanisms [79, 88] .
There has been some renewed interest in production of IL-10 and TGFb by 'regulatory' B cells, and recent studies have shown that B cell subsets differ in their ability to produce these cytokines [45, 56, 63, 103] . Although the cytokine-based regulatory properties of B cells have been a focus of increasing attention, the expression of death ligands by 'killer' B cells and their ability to regulate Th cell-mediated reactions has gone relatively unnoticed.
Expression of FasL has primarily been reported in activated T cells, NK cells, tumor cells from multiple sources, and at sites of immune privilege such as the eye and reproductive organs. Although most studies of FasLmediated apoptosis have focused on T cells as the effector cells, a growing body of evidence suggests that activated B cells can express FasL and mediate cell death [30, 49, 67] . In addition to FasL, B cells have been reported to express the other death-inducing ligands: TRAIL, PD-L1 and PD-L2 [35, 54, 108] .
An especially interesting finding is that the CD5 ? B cell subsets may have multiple regulatory properties including: constitutive FasL and PD-L2 expression, and a propensity to produce IL-10 upon activation by bacterial and parasitic antigens [48, 71, 86, 103, 108] . The unique tissue distribution, antibody production, and evidence of immune deviation found in mice lacking CD5
? B cells suggest that these cells may play an important role in controlling mucosal immune reactions and autoimmunity [27, 47, 62] .
Death-inducing ligand expression by B cells, the relative importance of killer/regulatory B cells in disease and immune homeostasis, and the potential therapeutic uses of killer B cells have not been reviewed previously. This article is intended to present in detail the many lines of evidence supporting a killer function of B cells, highlight some of the gaps in our current understanding, and suggest some possible uses of killer B cells in cell-based immune therapy.
Death ligand expression by B cells

Leukemia and lymphoma
The expression of death-inducing ligands by tumor cells is thought to be an important mechanism of escape from immune surveillance. In 1998, three independent groups reported expression of death ligands on non-Hodgkin's B cell lymphoma and leukemia [53, 66, 92] . The first group studied expression of FasL and TRAIL on a panel of human and mouse T and B cell lymphoma and leukemia lines and found that either one and sometimes both death ligands were expressed on transformed B cells [53] . In addition, FasL expression was found to be higher in more aggressive forms of B cell lymphoma such as diffuse large B cell lymphoma and Burkitt's lymphoma than in other less aggressive lymphomas [66] . In 27 of 30 patients with B chronic lymphocytic leukemia (B-CLL), CD19
? B cells stained positive for FasL, and each of the FasL ? lines tested were able to mediate cell death of a susceptible T cell line [92] . This killing effect of B-CLL lines could be blocked by neutralizing antibodies against either Fas or FasL. Several subsequent studies have reported the expression of FasL by B cell leukemia and lymphoma, and have linked FasL expression to the escape of B cell neoplasms from immune attack and worse cancer prognosis [39, 74, 110] . It is noteworthy that some B cell neoplasms that are not high expressors of FasL tend to be less aggressive [29, 66] .
A series of studies have demonstrated that FasL and TRAIL are upregulated on malignant plasma cells in multiple myeloma patients [82, 83, 97] . Stage III myeloma cells had much higher expression of FasL and lower expression of Fas than lower stage myeloma plasma cells [83] . Similar results were found for TRAIL, and the high expression of FasL and TRAIL correlated with increased erythroblast apoptosis and anemia in advanced stage myeloma patients. In addition, myeloma patients with erosive bone disease were found to have higher expression of FasL and TRAIL on plasma cells in the bone marrow, and osteoblasts from these patients were highly susceptible to apoptosis mediated by the FasL ? and TRAIL ? myeloma cell line, MCC-2 [82] .
To date, there has been only one published report of expression of PD-L1 on the A20 B lymphoma cell line [22] . PD-L2 expression on B cell leukemia or lymphoma cells has not been demonstrated. However, constitutive expression of these death ligands on non-transformed B cells would suggest that malignant B cells may also express PD-L1 and PD-L2, and use these ligands to induce apoptosis and escape immune surveillance [35, 108] .
Death ligands on non-transformed B Cells
In 1996, Hahne et al. [30] [40, 68, 87] . In one of these studies, expression of FasL was low in the thymus and most lymph nodes, but was detected in the spleen, tonsil and mucosal-associated lymphoid tissue, primarily on Ig ? plasma cells [87] . Interestingly, the FasL protein was most abundant in paranuclear compartments within the cytoplasm of the plasma cells, suggesting that FasL might be released in its soluble form by plasma cells.
Earlier studies of TRAIL and FasL expression on transformed T and B cells were also extended to activated non-transformed B cells [54] . It was found that approximately 25% of freshly isolated B220
? cells from healthy mice were positive for TRAIL, and that both TRAIL and FasL were expressed by activated B220
? cells. As further proof of the activation-induced expression of TRAIL on B cells, CpG oligodeoxynucleotides (CpG-ODN), bacterial ligands for toll-like receptor 9, were capable of inducing TRAIL expression on human B cells [36] . Tumor cell lysis mediated by CpG-ODN-stimulated B cells was completely blocked by a TRAIL-R2.Fc fusion protein but not by a FasR.Fc construct. It was also determined that IFN-a alone or in combination with anti-CD40 antibody stimulation was an effective means of inducing TRAIL on CD19
? human B cells.
PD-L1 and PD-L2 are differentially expressed members of the B7 costimulatory family that can confer death signals to cells expressing the PD-1 receptor [14, 35, 81] . PD-L1 is constitutively expressed by T and B lymphocytes, as well as being found on dendritic cells, macrophages, mast cells and many types of non-hematopoietic cells. Like FasL, PD-L1 is expressed at sites of immune privilege and has been shown to play a role in protection from autoimmune diseases [12, 81] . PD-L2 expression has been reported to be restricted to activated dendritic cells and macrophages; however, a recent report has shown that a subset of splenic and peritoneal CD5
? B cells have constitutively high expression of PD-L2 [108] . In this study, PD-L2 expression was not stimulated on CD5
? or CD5 -B cells by a panel of stimuli including: cytokines, TLR ligands, CD40 ligand or B cell receptor. In contrast, LPS, CpG and CD40 ligand treatment decreased PD-L2 expression on CD5
? B cells. These data suggests that PD-L2 expression is an intrinsic property of resting CD5
? B cells that is lost upon TLR or costimulatory activation.
Regulators of Fas ligand expression by B cells
In addition to FasL expression induced on B cells by mitogens such as PMA/Ionomycin and LPS, several groups, including our own have discovered upregulation of FasL on B cells during parasitic and viral infections [49, 75, 90, 111] .
Studies of mice infected with the helminth parasite, Schistosoma mansoni, revealed that FasL expression on B cells increased in parallel with the severity of granulomatous inflammation [49] . Depletion of B cells from schistosome egg antigen-(SEA-) stimulated splenocyte cultures led to decreases in T cell apoptosis, and T cell survival and granuloma formation were exacerbated in B cell-deficient mice. Other notable findings in the schistosome model were that FasL was constitutively expressed by splenic CD5
? B cells, and that FasL expression and CD5
? B cell killer function were upregulated by stimulation with antigens extracted from schistosome eggs [48] . SEA-stimulated FasL expression on CD5
? B cells was further enhanced by IL-4 and IL-10. Other studies have shown that FasL is induced on B cells during infection with Trypansoma cruzi [1, 111] .
Several viral infections, including human immunodeficiency virus, murine leukemia virus and Epstein-Barr virus (EBV) have been reported to induce B cells to express FasL [73, 75, 77, 90] . The mechanisms by which viruses induce FasL expression have not been studied.
Ligation of surface CD54 (ICAM-1) on Burkitt lymphoma cell lines resulted in the upregulation of FasL by the B cell lymphomas, and induction of Fas-dependent cell death [38] . A subsequent study by the same group demonstrated that activation of B7-H4 on EBV-transformed B cell lines led to increased FasL expression and apoptosis [85] . In both of these studies, activation of reactive oxygen species was shown to be an integral part of the pathway leading to FasL expression on the B cell lines. These studies have not yet been carried forward to non-transformed B cells, nor has it been directly demonstrated that ICAM-1-or B7-H4-induced FasL expression on these transformed B cell lines might confer a protective effect by inducing T cell apoptosis. The demonstrated susceptibility of transformed B cells to FasL-induced fratricide does have therapeutic implications, however, it remains to be seen whether induction of FasL on transformed B cells will have the same effect in vivo.
Other factors that induce FasL expression on B cells that are not associated with infection include: stimulation with toxic mistletoe lectins and cockroach allergen [11, 47] . Mistletoe lectins have been studied experimentally to induce tumor cell apoptosis, and have been shown to stimulate FasL expression by both T cells and B cells [11] .
In the cockroach allergen model of asthma, FasL expression was induced on lung CD5
? B cells after repeated airway antigen exposure, and mice lacking CD5
? B cells had a marked reduction in lung T cell apoptosis [47] .
Another interesting finding was the upregulation of FasL on B cells in mice deficient for the MHC Class II-transactivator, CIITA, which is involved in the regulation of MHC Class I and II, invariant chain expression, and suppression of IL-4 gene transcription [28] . The expression of FasL on CIITA -/-B cells was upregulated by LPS but inhibited when IL-4 was added. This crosstalk between FasL expression, CIITA, and IL-4 has also been found in mice infected with T. cruzi [1] . In a separate study, ligation of MHC Class II on human B cells resulted in the upregulation of Fas ligand protein within the B cells, and increased B cell fratricide [93] . Table 1 summarizes the factors that have been shown to upregulate or control Fas ligand expression on B cells.
Killer/regulatory B cells in health and disease
Many lines of evidence have implicated B cells as an important regulatory cell population during infections, autoimmunity and immune tolerance. Much of the early work done in this field was based on the experimental models performed in B cell depleted or deficient mice in which Th cell activity was consistently upregulated. However, it was not until relatively recently that the mechanisms underlying B cell-mediated regulation were elucidated. Many of these recent studies have correctly been focused on the expression of IL-10 and TGFb by B cells, and have been well reviewed [23, 56, 63] . As noted in the previous section, FasL expression on B cell malignancies is often associated with poorer prognosis. Following are additional lines of evidence that suggest that FasL expression by B cells may also play a role in immune regulation during infections and immunemediated diseases. Table 2 summarizes the known B cell malignancies, infections and disease models in which death ligand expression on B cells has been demonstrated.
Parasitic infections
Much of the early evidence of a regulatory role for B cells came from studies of experimental infection with S. mansoni helminth worms. In this model, eggs produced by the adult female become trapped primarily in the post-sinusoidal capillaries of the host liver and induce a T cellmediated granulomatous inflammation [10] . It has long been recognized that a fundamental property of the schistosome granuloma is that chronic infection causes spontaneous down modulation of the granulomatous response to freshly implanted eggs [9] . Depletion of B cells from mice infected with either S. mansoni or S. japonicum did not change disease pathology in the acute reaction phase, but drastically impaired granuloma down modulation in the chronic phase of infection [13] . This regulatory function of B cells was originally thought to be mediated by regulatory antibodies or interactions with suppressor T cells. Although these effector functions should not be ruled out, a number of reports have now brought attention to B cell-mediated regulation by IL-10 and Fas ligand [48, 49, 96] . It was demonstrated that lacto-N-fucopentaose (LNFP-III), a component of schistosome eggs, was able to stimulate IL-10 production from splenic B cells [96] . Subsequent studies showed that FasL expression on B cells, particularly CD5
? B cells, was inducible by schistosome egg antigens and was upregulated by IL-10 and IL-4 [48] . Gaubert et al. [27] demonstrated that schistosome infection of X-linked immunodeficiency (XID) mice, which lack CD5
? B cells, had increased granulomatous inflammation, reduced IL-10 production, increased expression of IL-4 and IFN-c, and higher mortality rates. T cell apoptosis was not reported in that study, however, our lab has found that intravenous injection of schistosome eggs into XID mice resulted in decreased T cell apoptosis in the lung during acute inflammation as compared to wildtype mice (unpublished observation).
Studies of other parasitic infections in XID mice have also confirmed that B cells are important producers of IL-10 and regulators of T cell activation [4, 62, 71] . Some reports have shown that infection with T. cruzi stimulates antigen-specific B cells to express FasL and results in increased B cell apoptosis [111] . Unlike what was found in the schistosome infection model, IL-4 played a downregulatory role on B cell FasL expression following T. cruzi infection [1] . This result was attributed to the upregulation of CIITA, a negative regulator of FasL in B cells [1, 28] .
It has been suggested that reductions in parasitic infections are correlated to the increases in allergic and autoimmune diseases noted over the past several decades [21, 100] . Schistosome infection or injection of schistosome eggs has been shown to be protective in several T. cruzi infection ? IL-4 Acosta Rodriguez et al. [1] experimental models of allergy and autoimmunity [16, 20, 42, 51, 80] . A study of the direct role that FasL expression by B cells plays in helminth-induced immune tolerance to secondary immune challenges has yet to be performed.
Viral and bacterial infections
A limited number of studies have shown that B cells have regulatory functions in viral infections. Splenocytes from mice infected with herpes simplex virus type 1 (HSV-1) were resistant to mitogen-induced proliferation compared with uninfected mice [76] . The suppressor activity disappeared when HSV-1 infection was performed in CD5 ? B cell-deficient XID mice; however, the mechanism of regulation was not determined, leaving open the possibility that suppressive cytokines, death-inducing ligands, or both mechanisms were important in this model. In a different study, human peripheral blood T cells exposed to EBV, another member of the herpes virus family, upregulated Fas (CD95) on several lymphoid populations, but only CD4
? T cells exhibited increased susceptibility to undergo apoptosis [90] . Among the lymphocyte populations tested, only CD20
? B cells displayed an EBV-mediated increase in FasL expression. These data suggests that EBV-infected B cells expressing FasL may selectively kill CD4
? T cells. In an in vitro study of peripheral blood lymphocyte apoptosis of HIV-infected individuals, B cells were the predominant FasL-expressing lymphocyte population [75] . Likewise, in an experimental infection using the SHIV C2/1 virus to infect cynomolgus monkeys, a model of HIV infection in humans, FasL upregulation was noted on both
CD8
? T cells and HLA-DR ? /CD20 ? B cells [77] . Studies of murine acquired immunodeficiency syndrome (MAIDS) in XID mice have revealed that CD5
? B cells are an important mediator of disease initiation and progression [34, 89] .
Purified lymphocyte subsets including B cells but not dendritic cells from AKR.H-2 b mice, which spontaneously produce MuLV retrovirus, interfered with the virus-specific killing efficacy of CD8
? T cells [73] . This effect was mediated by FasL/Fas interactions and B cells were shown to have higher FasL expression in AKR.H-2 b mice than either CD4
? or CD8 ? T cells. What is lacking from these studies showing B cell FasL expression during HIV or MuLV infection are direct killing assays using purified populations of B cells as effectors and T cells as targets.
Much less is known about the effects of bacterial infection or exposure to gut flora on the killer/regulatory function of B cells. In the original description of FasL expression by activated B cells, bacterial LPS was shown to be one of the stimuli that induced functional FasL on mouse B cells [30] . A more recent study has demonstrated that murine B cells activated with LPS expressed higher levels of both FasL and TGF-b, and were able to protect NOD/scid mice from the induction of diabetes mediated by adoptive transfer of T cells from diabetic NOD mice [91] . It is not yet clear whether the effect of LPS-stimulated B cells on diabetes induction was mediated by FasL, TGF-b or a combination of signals from both molecules. It has also not been established whether gram-negative, bacterial LPS naturally stimulates killer/regulatory B cell phenotype in vivo. Infection of B cell-deficient (lMT) mice with Mycobacterium tuberculosis led to exacerbated lung granuloma formation marked by increases in lung T cells and neutrophils as compared to wild-type mice [50] . Interestingly, the increased lung inflammatory response in lMT mice could not be attributed to the lack of local IL-10 production, since this immune suppressive cytokine was upregulated in the lungs of MTb-exposed B cell-deficient mice. A recent report suggested that IL-10 produced by B cells in the spleen rather than at the local site of inflammation could be responsible for T cell regulation mediated by the MTb found in complete Freund's adjuvant [103] . However, it also remains possible that death ligand expression is induced on B cells following activation by MTb [36] .
In a study of adjuvant-induced arthritis (AIA), a disease model initiated by injection of MTb at the base of the tail in Lewis rats, B cells genetically engineered to express a mycobacterial 65-kd heat shock protein-(Hsp65-) IgG fusion protein had a protective effect against the development of AIA [78] . Along with an increase in Hsp65-specific antibody titers, a marked reduction of Hsp65-specific T cell activation was noted in mice that received Hsp65-IgG engineered B cells. It was not determined whether the decrease in antigen-specific T cell response was mediated by cell death. Further studies of the effects of LPS and mycobacterial infections on B cell activation, particularly the expression of FasL and other death-inducing ligands, and the ability of bacteria-activated B cells to kill antigen-specific T cells is warranted.
B cells in allergy, autoimmunity, and transplantation tolerance
In addition to the involvement of killer/regulatory B cells during infections, there is an increasing amount of data to suggest that B cells are involved in the prevention or control of several T cell-mediated diseases including, airway inflammation and asthma, organ-specific and systemic autoimmunity, and transplant rejection. Many of these studies have focused on the ability of B cells to produce IL-10 and/or stimulate the induction of T regulatory cells [18, 24, 45, 52, 57, 64, 99, 107] . Some experimental evidence suggests that FasL expression and death induction mediated by B cells may also play an important role in maintaining or inducing tolerance.
It has been suggested that the role of Fas ligand-bearing cells in asthma is to preferentially eliminate Th1-type T cells, allowing the Th2 cell response to dominate and cause airway inflammation and asthma [3, 58] . A study of cockroach allergen-induced airway inflammation in XID and wild-type CBA/J mice revealed that CD5
? B cells in the inflamed lung were the highest expressors of Fas ligand, and that lung CD4
? T cell apoptosis was dramatically impaired in XID mice [47] . XID mice also had increased airway inflammation, lung eosinophilia, and mucus hypersecretion compared with controls. In addition, levels of the Th2 cytokines, IL-5 and IL-13, were significantly elevated in the lungs of XID mice, with levels of IL-4 and IFN-c also higher in the lungs of some, but not all XID mice. Surprisingly, levels of IL-10 were also significantly higher in the lungs of XID mice than in controls, suggesting that CD5
? B cells exerted control over both Th1 and Th2 cells in the lung, independent of IL-10 but correlated with Th cell apoptosis. A separate study related to the lung mucosa demonstrated that T cell tolerance induced by intranasal injection of antigen was mediated by antigenspecific B lymphocytes [94] . This group primarily looked at antigen-specific cell proliferation, and did not address whether T cell apoptosis mediated by B cells played a role in the findings. It will be interesting to determine whether airway T cell tolerance induction is related to the deathinducing activity of lung resident B lymphocytes.
Thus far, the clearest and most direct evidence of a role for FasL
? B lymphocytes in inducing T cell tolerance came from a study conducted by Minagawa et al. [61] . These authors studied the role of Fas ligand in a transplantation model in which H-Y containing male skin grafts were rejected by naïve, syngeneic, female mice, but accepted when the recipient mice had previously been injected with male spleen cells. With the use of wild-type and Fas-deficient, lpr, female mice, and wild-type, lpr, and FasL-deficient, gld, male mice, it was elegantly shown that tolerance to H-Y was mediated by FasL ? splenocytes. Further analysis using splenic B cells purified by magnetic bead separation revealed that FasL ? B cells were sufficient for the induction of tolerance and acceptance of skin grafts. It is perhaps important to note that other than positive selection using anti-CD19 magnetic beads, the splenic B cells used in the above study were not treated before injection into the female recipients. This result suggests that naïve, splenic B cells in healthy mice may be capable of inducing T cell tolerance, a result similar to what was found in the schistosome model [48] .
Data regarding the natural ability of FasL ? B cells to tolerize against self antigens is currently lacking. One report has described FasL and TGFb expression on LPSstimulated B cells resulting in the suppression of diabetes in NOD mice [91] . Unfortunately, the relative importance of FasL versus TGFb was not assessed in this study nor can it be inferred that LPS originating from gut flora induces killer/regulatory B cell function. It has been demonstrated that B cells from patients with systemic lupus erythematosus constitutively expressed Fas ligand [67] . B cells isolated from lupus-prone (lpr) mice also spontaneously expressed FasL and had cytotoxic activity greater than or equal to T cells and NK cells [8] . In the case of lupus, FasL expression by B cells was postulated to limit the suppressive effects of T cells, and confer protection on the autoantibody-secreting FasL ? B cells, thus leading to poorer disease prognosis [8, 67] .
In summary, FasL expression by B cells appears to be of functional importance in parasitic, viral, and bacterial infections, as well as in immune-mediated diseases. B cell FasL expression appears to play a role in the induction of T cell tolerance, and this may lead to either protection or pathogenicity depending on the disease being studied.
The CD5
1 B cell debate
The CD5 ? B cell compartment seems to possess several important immune regulatory properties [48, 70, 74, 103, 108] . B lymphocyte subpopulations, like T cell subsets, have been divided according to the expression of cell surface markers. The four main subsets of B cells are B-1a, B-1b, B-2 and marginal zone (MZ) B cells. These subpopulations can be distinguished by cell surface markers, and have been shown to be phenotypically distinct [55] . Traditionally, CD5 was thought to be a distinctive marker of the B-1a cell group, which is highly represented in the peritoneal and pleural cavities. As such, many studies have been performed to determine the phenotypic differences between CD5
? and CD5 -B cell subsets. Some of the major differences in functional properties of B-1a cells and follicular B-2 cells are outlined in Table 3 .
Some controversy has arisen regarding the true identity and origin of CD5
? B cells because of studies showing that CD5 expression could be transiently induced by the activation of previously CD5
-splenic B cells [15, 26] . In fact, splenic CD5
? B cells have been shown to be phenotypically different from both splenic B-2 cells and CD5
? B-1a cells found in the peritoneum [25, 95] . More recently, three distinct precursors have been identified that develop into bona fide B-1a cells, B-1b cells and B-2 cells, respectively [65] . It may well be that CD5 is a poor marker to distinguish conventional B-1a cells from CD5
? B cells found in the spleen. Unfortunately, most of the previous studies regarding the functional properties of B cells only used CD5 as a marker, and did not distinguish between bona fide CD5 ? /CD11b ? B-1a cells and CD5 ? B cells originating from non-B-1a cell compartments, thus complicating data interpretation.
Despite this controversy, splenic CD5 ? B cells have been shown to produce IL-10 and to express FasL at levels higher than splenic CD5 -B cells [48, 103] . These data, combined with many studies showing increased T cell activation in CD5
? B cell-deficient (XID) mice, suggest that one, if not all of the CD5 ? B cell populations can regulate T cell activation. It will be interesting to determine whether the splenic CD5 ? /CD21 ? B (B10) cells that were recently shown to produce high levels of IL-10, are also high expressors of FasL. If so, then this subset of cells may be especially potent at regulating T cell-mediated inflammation and may be a good target for developing antigenspecific, cell-based immunotherapy strategies.
The potential of killer B cells in the treatment of autoimmunity and other pathogenic immune reactions
Presentation of antigens by killer/regulatory B cells Activated B cells are professional APC that have been shown to be critical for T cell activation [46, 69, 109] . Some studies have demonstrated that CD5
? B cells are more potent APC than conventional follicular B-2 cells [109] . One of the most striking differences between B-2 cells and CD5
? B cells is that the latter tend to produce antibodies with specificities for non-protein antigens, such as carbohydrates, lipids and glycolipids [7, 60] . Many of these polyreactive, ''natural'' antibodies are also self antigen-specific, implicating CD5
? B cells as a major source of autoreactive antibodies [17, 32, 33] . Because B cells acquire most of the antigen that they present via MHC Class II molecules by first binding the antigen through surface immunoglobulin, autoreactive CD5
? B cells would be very likely to present autoantigens to Th cells. Autoantigen presentation in the context of death ligand expression would be expected to induce cell death of autoreactive T cells (Fig. 1 ) Therefore, the killer/regulatory phenotype of CD5
? B cells may normally serve to protect against the development of autoimmunity. Reciprocally, biological forces that decrease or abolish B cellmediated regulatory molecule expression may not only result in a release of autoreactive T cells from death or regulation, but might convert autoreactive B cells into proinflammatory APC, thus becoming inducers of autoreactivity ( Fig. 1) Whether or not such a dramatic switch in B cell phenotype occurs has yet to be determined, but factors that would control such a switch would be attractive targets for therapeutic intervention.
B cells have long been implicated as a pathogenic population in autoimmune diseases. Depletion of B cells using antibodies directed against CD20, has been shown to be effective at inhibiting autoimmunity in murine models [2, 102, 104] . The utility of B cell depletion as a therapy for rheumatoid arthritis patients has also reached clinical trials, with favorable results thus far [19, 44] . Interestingly, a study by Hamaguchi et al. [31] demonstrated that B cells in the peritoneal cavity of mice, particularly CD5
? B-1a cells, were resistant to depletion by anti-CD20 antibodies. Since B-1a cells may be especially high producers of IL-10 and Fas ligand, these data would suggest that partial B cell depletion could result in a relative increase in killer/regulatory B cells. Similarly, early reconstitution of B cells in humans following B cell depletion therapy also seems to favor CD5
? B cells [72] . It will be interesting to determine whether or not these repopulating human B cells are able to express FasL and whether they are able to prevent recurrent inflammation and autoimmunity via T cell apoptosis.
Lessons from engineered FasL
? APC
A series of studies has demonstrated the treatment potential of forcing expression of FasL on professional APC [37, 41, 106] . Genetic engineering resulting in the overexpression of FasL on either dendritic cells or B cells, and subsequent transfer into mice, led to antigenspecific T cell tolerance and amelioration of collageninduced arthritis or contact hypersensitivity [37, 41, 106] . A potential hazard of injecting cells engineered to express FasL is the induction of liver toxicity, due to high Fas expression on hepatocytes. However, systemic introduction of FasL-expressing APC did not induce significant liver damage, despite inducing death of T cells infiltrating several organs, including the liver [105] . These data suggest that the specific interactions of T cells with FasL ?
APC are necessary for cell death induction. Thus, the upregulation of FasL specifically on APC, including B cells, may be a relatively safe way to target antigenspecific T cells without affecting non-specific T cells or non-hematopoietic cells.
Toward a non-engineered approach to FasL upregulation on B cells
There are foreseeable drawbacks to engineering FasL expression on B cells or other APC as a treatment modality. First, there are safety issues associated with the viral vectors used to introduce the FasL gene. Second, the diversity of MHC Class I and II expression for each individual will necessitate tailoring each treatment to use APC derived from that particular patient. Third, in vitro manipulation of the APC and testing for FasL expression will be complex and time-consuming. These issues can be expected to make FasL-transfection cost prohibitive and unlikely to be developed into mainstream therapy. Therefore, it is much more attractive to find a way to manipulate the endogenous B cells to acquire and/or maintain FasL expression either in vivo, or with limited induction ex vivo followed by adoptive transfer. A potential benefit to the ex vivo approach is that the killer B cells could be loaded with specific peptides prior to reintroduction into the recipient, thus allowing for control over the specificity of the T cells to be targeted. Alternatively, targeting of specific antigens to killer/regulatory B cells in vivo might be achieved by conjugation of the genes to B cell tropic retroviruses [101] . This type of approach has been demonstrated to induce T cell tolerance in animal models of multiple sclerosis and diabetes, and to be dependent on B cell expression of FasL [59] . A third alternative may be to block the signals that either decrease regulatory molecule expression by B cells or that are involved in the conversion of regulatory B cells to a more proinflammatory phenotype. These approaches will require a better understanding of the factors that control expression of death ligands, and suppressive or proinflammatory cytokine production by B cells. 
APC.
Conversely, FasL expression by CD5 ? B cells may play a role in the pathogenesis of B-CLL, HIV infection and systemic lupus erythematosus. Therefore, inhibition of death ligand expression on B cells in these contexts may become a potent treatment strategy. Further studies focused on the factors that control death ligand expression and 
